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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an 8-PSK modulation circuit and a 
demodulation circuit for improving BER characteristics. 
SOLUTION: The modulation circuit of a transmitter is provided with a vector 
generator 14 for generating two orthogonal vectors respectively composed a 
common-mode component and an orthogonal component based on three 
successive bits in data to be transmitted, spreading devices 16 and 18 for 
respectively spreading the two vectors, a delay circuit for delaying the common- 
mode component and orthogonal component of one of the spread vectors for time 
Td, an adder 22 for adding the common-mode component of the other spread ? 
vector and the common mode component delayed in the delay circuit 20 and the 
adder 24 for adding the orthogonal component of the other spread vector and the 
orthogonal component delayed in the delay cirucit. Ontput signals from the adders 
22 and 24 are obtained as the modulation signals of a base band. It is preferable to 
turn the delay time Td to Tc<Td<T/2 where Tc is a chip cycle and T is a symbol 
cycle. 
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4 (b) (OTW4 5 &*>©£&?>. ilKSile 8 4(4, 
04 (b) fc*1-«*t\ «fMTd«ttilie**5fc 
ft, *D^H6 8 5©tti;ftf4, [34 (c) (C^-fJ: 5 ftfc 
©i*3. -tfcfe*>» LPF 6 8 3©tHA©b'-^ 1 5 
2i 1 5 3tW§ht, ft© tr-* J: 0 
-^15 5##$>;h,3. JblBtT— ^ 1 5 514, 

jf$Trt(c3g£i-3fc©, r^icg^t, jiojfflT©* 

[0 0 4 7] ft*ffi&miH]Sg6 8 6(4, E)4 (c) ©b° 
-*15 5£&fflLT, SKf-^^Cfc^W t 2 £ 
**5o I3SIE8S6 8 7(4, ig*©)i*mt-a^<ftAtt 
©&«*:«» LT*S?K fiy***tfc**ttfiMt«HlS 

b ©«© +IBMI«r**ttffi« i 1-5. 
[0 0 4 8] D->"7}) yffij 8 8(4, 

05 (b) K*t«10^^ 
*i4U!EI5 (b) l^-t-m2©^ny^Sr^1-5 0 ^ 
lO^u^tt, T (=T d + (T — T d)) <Dffl%Xh 

0, -HJfll'fc-ooyOi^fcfrU r*Uc49, IQ 

9, ^*U4, a#lH]K7 6fcTfiEffiStu5. 
[0 0 4 9] ±ft?u-y?m±\sm ! 6 8 4»bffl**ilfc 
IlO^n j/^fcS^t, >-^0SS7 OH, D 

MFi»bW^**tfcffiH«[ I corr, Qcorr£i>- > 



^1-5„ ffifi**|g]|*7 2*Jj:tfAFC|a]!&7 4fcJ: 

(4, ±Bttffie lfcitfe 2fcS<Jt, h/v 
VI. V2*«5EU t/SO^«*|:L*:«s 
ot, 3 t'y h©f y hfll«r«5H-$. 
[0 0 5 0] *H*©»fllKia^T, 
/<-*H9*<BakerJ?*)«H!M!U 4 (f-S'TVu/*- 
s>:/) o^-fy^yy^, WIHUlTdSri^y 
■7fflmk®j£L1tW&<0&ffltt<DBER(Mt Error R 
ate)ii#<4£^1% EI6(4, AWGN8t$i©T"C©Eb/ B 
ER©B8<S**1*Eit?fe5. El 6 K&i^T, TOT-^-T 
*i»fi, ft*©8-PSK$r£v>fc#£©3l&teS:^ 
U H8M4, #3gKfc2»;&»5 8-PSK£ffll^fc#-&© 
ttfrjSi". H6 4»ba«fe#5J:5fc, ft*© 8 -PS 

B§2. OdB, BER^3fe#S*UTV^5. 

[0051] <»f^jsei©ttw>ifefcaw ufc 4 5 i~, 

hA>V2©IH*IJ&#V2i£(4, ;0pg3f2 2(CT;Dng$ 
*V fcl^-C, n-/^7-f/^ 2 65rji5wi»c4 (9, 
^-*/^ K©ft»© 5 %©nffi*^«r#5 r k iSft 
5. ItticSnfc^©^^ hA-Vl©iE£j&ftvi 

qiSM^tifc^^ h/v-V2©iE^^V2qi:(4, JDSIS2 
4»dT^$^. n-/^7>f/V^ 2 8trii5 

riicit). K©«*© 5 

[00 5 2] E!7^#mCt, xn&vMfflz. 

A»*»5 8-PSK^IS©JSafcot. BiMSrJP^So -t 

©^^ h/wvi, V2f4Si/MciS3E-t-5 h/vS4Sl 
4(4, 3 f y f-©Txdata(cS^#, Sl>(rjE^i-5 4 5 
fc2o©^<^ h/Wl, V2Sr4^i-S) „ ^biC, *mi& 
©^(d*5^TI4, h/uV2tt, S^[H]SS2 OldTBfi 
^W^fWTd^iftiiJSStirV^,, Ufc^oT, H7(C 
^1-4 o h/WliS, t \Z*5\^X I itt 

±^S^1-5t#(-(4, ^i?h/VV2(4, fc5^J(t + 
Td)fc*JV^TQ2*±*»IM-5riK:45. ^©~ 

-<^h/V'V2(4, *>3WF*l(t+Td)fc 

[0 0 5 3] w©4 5^3t*j/ h©Txdatal^S-c5t 2o 

©^<^ h/wvi, V2Sr4^t, rixfe*Bf*©*WUI*:* 

tft<, T-^^-hSrj§^©QPSK4»3 t>**<Tf 
#5 (QP SKT*(4lo©'<^ h/V^j^gUTV^) „ 
^S-tk-f-S^^ b/^Vl, V2/55SV^iE^UTV^©T*# 

[0 0 5 4] *^ffi©»ffil-*5V^T^4, 1$ 




-fSZo©^ *IHHlTd*r4*.T#»bt-S 

ii^OQPSKtJtgfUT, 1. 5 ft (W 
f$»c:i£{fT?#5x-*fi2 k'-y h*»fo3 HC45) 

10055] aHSEB©jiiiigB2o-<tiftTflr 
1-5 

Tc^Td<T/2 

0«H'C*)5i5«a J *)5. SlIllTd=Tc-efe5 0 

&*0«J*)58ft*)5fc«>K:, f-*i«&i#fift-3 
■C*HB#-C#T (1-fcfct»¥»U , tt«©*«HKfc 
*5I^T, jEU^H»*«a-C#1", AFCSIigt 
9*<4hMtV. *©-#, Td=T/2fJb5i, tr 
— *#R£B**IU:*4o-CL*5fcat>^ bu&©EI 4 fcW 
iSLTifc^S * d y ^ o^fifc^Jp BlfiBKfto-C 5. 
ft*J, Tc<TdSr«Si-5Pg!5, Td*T/2T-fc*L 
If, Td>T/2k1-5rtt"5I^T?fe5^. &i£©, 
ttfilPl:-:^ hA'#ftft5EIKK\ 
UftV >ER;6 S £ CZ> ©£T* £ 5 Sfcfcfc, T d 

filiftS. 

[0 0 5 6] @8M19©I/Q#f^O 
-Y 5 t , 010 Otfftft OffittSmBI 
(cg^5#, imwm^ir h^fiftSEW*, 
HA'tffflELft^KMfco^TttWI-S. 
[0 0 5 7] ^ 4A>ib 

hA-V2(4, gMlHlSS 2 0 fcTBf£©l$WT d felt 8® £ 
tvt^S. 07fc^1-J:5fc, ^ H/i-VltfS, feS^SJ 

t tts^t I i«±«:3MM-5 4:#fctt» h/MTC 
14, fc5B«8<t+Td)fc*J^TQ2**±fr*»l. H* 
(Si) , I^Vltf, *>5B*«tfc*i^T 

Ql«l±*»»1-5i:#fctt, WWV2I4, fc5B#*iJ 
(t + Td)l:^Tl2*Lttr»ti (#J£2) . W 

a^ajowRi^fcil-*. rwtt ©fini^'f?^ 

^Btt08©J:5fcft5. #tttl«»fe«ffll2^o»»o 

WTBfcJav^ {JHSMWfc"** h/^BftSKIWl 
0 2-^, h/i^fc&Lft^EFfll 0 lds#S1"5. 
[0 0 5 8] H8fc*JV*T, *tilld»fett«l2^©«l!} 

**.#&tfcv\ XWlti, ti+T d , t k , t k +T d -e 

WvVl,V2fi, -tJl-Pn "0[rad]" £fcf4 "rctra 
d]" ©flHaa^&^U 01 0©*;*l,B©,6 (U,l),{- 

i,i).a-i),(i,-i))t»t5. 
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»UVl.V2tt. **Vffh, "*/2[rad]" Sfcfi °3n/ 
2[rad]" ©flfcflWfrfciSU JWIHJTB ( t j< t < t j 

+T d ) vit^t h^n.mm^i^m^^^m^ 

L, 01O©&ftW©,& ((0,0), (2,0) ,(0,2), (-2,0), 
(0.-2))Sra#1-5. 

[0 0 5 9] SBfcttltifc&fc, 09©£#03£JB^ 
TSiPJ1"5o 0*, Vl_n,V2_nl±^^-ennSg©v->' 
stf/Hfc*-*-"** h/WVl,V2T?fe5o JBMTBOtt («t> 
R*"C*>5) K*IV»T, l&VQ***A'l±lk-ia 
ItfcSOr, h^Vl,V2tt, Hi 0 ©1131(1,1), 
(-1,1), (-l.-l) SrWiM-5. »^©»IKTB 

t), QT + *;Wir*-*#fift5;fc«> r— 2 J (=V1+V 
2=-l+ (-1) ) feSVtt ro J (=V1+V2=- 1 + 

1) fifeS. L»ot, JUJMTBfcJaV^T, *9 h/l/ 
V1.V2I4, Ell 0©aA(0,-2),(0,0)SrS»1-5. 

[o o 6 o] £l±©i r©IUS©^f§i Ic&i^ 
T, 4fcffi«!Wrfc'<* hA^fiftSEIHJ*, ^ hMfl 

TdSr*5'<</hS<1-5rifcJ:9-5-©«»Sr<6«1- 
5ridStft5. 

[0 0 6 1] %W<Dgm<DBm 2 . ±xB© ± 5 
»WT BO*»Srfi«1-5fc»K:H:T d SrfcS"^ 

L*»L, BBl 0 O J: 5 ftffiffiW^O 

-g-, ±3r6©4 5(-, h/^a^5g;F^#ftL^v^ 
EK>i 3 4^TL4 5©-C, Td = 0. 5*n*Tc 

0 1 0 © J; 5 ft 9 > ffift^B*fcJSjS*a 

oTLt?. roa»©»MTB©««Sr(S«1-5fc«> 
©SiJ©^g;£ffi{fc1-5 r fc t *«T*> 5 i#*.feit5. 
[0 0 6 2] »©JBWTB©J£»«ri*41-5fcttfc© 
i5K1-lttfJ:v\ B*«tj, t j+Td-C^* h^Vl,V2 
tt, -t^-Ptl "«/2[rad] n "3 7t/2[radr 

©ttffia»Sr1-5fc#, ^i? h^Vl,V2^fift5^^ 
ftv^EKI*ft<LT, Bl OfcftltS&AWOAtrSV 
Uftv^J;5^w1-^^f^ < t^^. *flctttett, 

[0 0 6 3] r©#xSr®fflLfe, ISt^Q^+^/wo 

Sria 1 4 fc-t*T,eh,s*i\ ia 1 4 ©ttffis^-cfe^tf , 
SiH^s*s©^i!i*5$i5t < ^#<ftv^©t?, ^i»^ii*s 
#***»!:a«1-5ri*Tr*5. iSt5Q^^^/v© 

ft* (&3M : T d = 1 . 5 * T c) ©fiffi@^^-r 5 
y^B«)**#!*H l 3 twl" . ^o#W<Dm&<DWM 




fcVJ:5fc-f5fc«>, Td = 0. 5*n*Tc (n : 
W.) ©jSMWPfcSfc*, £jgffi(4Td = l. 5*Tc 

[0 0 6 4] Z.<Ott0M1£2Ommomte~fvy9 
0£0 1 1 \z.7Ft a M^i?** 1 2, JmWi%M%3 
0, *3?3g3 2, 3 4, i£*&t§3 6. 8 
f4, HlK***ifct>©ilBI-*>*v^ttffia»^*r* 
■fo ROM4 0I1 v-7 hV"^? 1 2tC«t9^7 WW 

x-^tc^^tv^e t> hwf'-^Stt-c, Eli 2 

5. ROM4 OOf-flts HI 1 2&1501 3<Ditnm 

[0 0 6 53 EH1 omm&Kis^x. 0 1 2&tf0 i 

3 O «fc 5 v- v * /vJS^f y 711$ Srgf 1 5 r £ I;: <t 
t>, I&tfQ^i'Vtf/VcoS^'&SrT ?>U Ell 4<0& 

/V©S&£&-f h Ufcffi#«»SrROM4 O^^K^m 

&tto£fi5m%&M<D'<*->'tt. 1 waU^ t'y 
h ►) < t 2 v- 

(23)2=64^;?->'i:^5 0 1** 

Oj&^as&SifcS. j;^-c, ROM©7 KWX*Sf4, 
( 2 ^V-^^PrgtD^^S^^ 6tfyM + (1 v->-*/W 

lie) kfcS. 

[0 0 6 6] ;OROM4 0©^-V Or-*) 14, 
[0 0 6 7] #3§Bj!f4, W±©HiSO»jitll5t$n5 

[0068] tctz.it. mffm&<DWM\zio^x, 
[0 0 6 9] itHEHlSro^ffitts^T, 

=T-^ K(Gold)^?IJ, (Baker) ^?IJ<D{5rix£« 

[0 0 7 0] StlC, *MiW#K*SV^T» #«itt#r 

[00 7 1] 

[»9§©»*1 £Lt©J:5K, *J83UfcJ:*w*, IQtfr 
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S/^4(/ujmM«rTs *f-y7im*Tch tfcfct , Tc 
gTd<T/2) -Ct>o-CZWCE£1-3 Itt&t/Qtt 
±*»»+*J:5fc««Ufc©-e» 8-PSKJ:5iffi 

Q - P S K «£ 9 be&gfttfK < 4*. 
{0 0 7 2] Sfc, r©^0J(cJ:ntf, IWBBMBTd 

Td = TclcKi£1-5ri»c«t>), SfffB^* h/uv 
1, V2 0ffiffi»»«Ft*JV^T % h/^S&SEPfl 

[0073] *fc, roiBidKifttf, MfE^* h/u-v 

1, V2 0ttffiff(MW:4»vC, ^VtfOHIffl&tfry 
:/JBIJJ!0'>fc< t t>^rKi»fclWLT4fflW*©*-f' 

[0 0 74] rco^P^lciHtf, mrE-i* h/uv 
1, V2©ffi»3»»«ftttffi¥ffi©lg( i iS«riib)!tvxJ:5 

[Ell] El 1 14, *«9i0Sttt0&tt 1 

[El 2 ] El 2 14, *891<oidfe0?i$ffi 1 t*»a»5Sfll 

[El 3 ] El 3 14, *%W<omtiZ<OMm 1 * n 
y ?m±®&<Dm&**-t7 a y 9 ?4^>f7 Atfc 

[04] E14I4, *«WOSOt©»ttlK*^<5^'B 

[El 5 ] El 5 14, *%W<DmM<DBm 1 * n 

[El 6 ] El 6 14, *£n<Z>Jtlt4»gtt 1 <D^ra*^Sr 
ffffi-tS^ft©, AWGN«*cOTT*©Eb/BER© 
M#*^i"EIT-fc5o 

[07] 0 7 14, *£9§<DjtlK®7|gttl 1 CDft^SSr 
^SJi-5fc*©0T?fc5 o 
[0 8] 0 8 14, *^BJ<D|tJS©^® 1 <D I /Q#^ 

[0 9] 0 9 »4, ^ROXtkO^ffi 1 <D I /Q£^ 

Y^A'Otttsw^'f ^ vy**7F-t®-zhz> mm o 

[010] 0 1 0 14, *g$®£ttOjgfll 1 
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7 0 






[Ill 4 ] El 1 4 ft, *%W<vm,<oWM 2 ©tt«^ 
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— 8 PSK Theory (cohereol) 




— Proposed Ofifcetdup-8 PSK (Simulation) 





















6 8 10 

Eb/NoldBJ 



12 



14 




(11) 



4$WI¥ll-252042 



[09] 



TB 



Vl_ n 


101 


V2_u+i 




• 


1 I -I -1 -1 


0 


-1 1-1-11 


,102 


1 1 1 -1 -I 


•2 0 


1 -1 .1 I -l -l 



VTS ! ' i Vl_n+i 



[Ell 2] 



V1 V1 V2 V2 V2 

. ;!>.. ) ,.. i:. 



hi II 




I V V2 j j V V2 








ti 1 
ti+Td 


- 


tk 

*Td tk+Td 

V 



[013] 

Vljn VZ_n4i 























1 


• l. 


-1 


, 1, 


-1 


1 


-1 


,1, 





1 


1 


1 


-1 


-1 


1 


-1 


-1 


1 


-1 


■1 










J 


Vl_n+1 



Td 



